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ᗎㄽ 
 
་㸦㎰㸧⸆ࡢάᛶᡂศ࡟࠾ࡅࡿ」⣲⎔ᵓ㐀ࡣࠊᶆⓗ࡜ࡢ┦஫స⏝ࠊ໬ྜ≀ࡑࡢࡶࡢࡢ≀⌮໬Ꮫⓗࠊ
⏕≀ᏛⓗᏳᐃᛶࠊཬࡧ⸆≀ືែ➼࡟㔜せ࡞ᙺ๭ࢆᯝࡓࡋ࡚࠸ࡿࠋ౛࠼ࡤࠊỈ⣲⤖ྜࡸ࢖࣮࢜ࣥ࢟ࣞࢺ
⬟࡜࠸ࡗࡓ┦஫స⏝࡟ࡣࠊຠᯝⓗ࡞఩⨨࡟࣊ࢸࣟཎᏊࢆ㓄⨨࡛ࡁࡿ」⣲⎔ᵓ㐀ࡀ㐺ࡋ࡚࠸ࡿࠋᚑࡗ࡚ࠊ
᭷⏝࡞పศᏊ⏕⌮άᛶ≀㉁ࡢ๰ฟࡸࠊࢣ࣑࢝ࣝࣂ࢖࢜ࣟࢪ࣮◊✲ࡢᒎ㛤࡟࠾࠸࡚ࠊ」⣲⎔ᵓ㐀ࢆ⏕࠿
ࡋࡓᡓ␎ࢆྲྀࡿࡇ࡜ࡣྜ⌮ⓗ࡞◊✲ࡢ㐍ࡵ᪉࡜ゝ࠼ࡿࠋ 
 ᮏ༤ኈㄽᩥ࡛ࡣࠊ᭷⏝࡞⏕≀άᛶ≀㉁ࢆ๰ฟࡍࡿࡓࡵࠊ」⣲⎔ᵓ㐀ࢆ᭷ࡍࡿ໬ྜ≀ࡢྜᡂࠊཬࡧᵓ
㐀άᛶ┦㛵◊✲ࢆᐇ᪋ࡋࡓࠋ➨୍❶࡛ࡣࠊኳ↛᭷ᶵ໬ྜ≀࡛࠶ࡿ࣐ࢡࣟࣛ࢖ࢻᆺᢠ⏕≀㉁࣏ࣜࢼࢡࢳ
ࣥ㢮࡬ࡢ᪂ࡓ࡞⏕⌮άᛶ௜୚ࢆ┠ᣦࡋࡓ᪂つࣇࢵ⣲໬࢔ࢼࣟࢢྜᡂࢆᐇ᪋ࡋࡓࠋ➨஧❶࡛ࡣࠊྍ⁐ᛶ
࢚࣏࢟ࢩࢻຍỈศゎ㓝⣲㸦Soluble epoxide hydrolase: sEH㸧㜼ᐖ๣ࡢኳ↛≀ࡢᵓ㐀࡟╔┠ࡋࡓ๰⸆ᒎ㛤
ࢆᐇ᪋ࠊࡑࡢᡭἲࡢ᭷⏝ᛶࢆㄽࡌࡿࠋࡲࡓ X ⥺⤖ᬗᵓ㐀ゎᯒࡢ฼⏝࡟ࡼࡿຠ⋡ⓗ࡞ᵓ㐀ኚ᥮ࡶేࡏ࡚
ㄽࡌࡿࠋ➨୕❶࡛ࡣࠊ㑅ᢥⓗ࣒ࢫ࢝ࣜࣥᛶ࢔ࢭࢳࣝࢥࣜࣥ M1/M4 ཷᐜయసື⸆ࡢ๰⸆◊✲࡟࠾࠸࡚ࠊ
HTS (high throughput screening㸧࡟ࡼࡿ」⣲⎔໬ྜ≀࣮ࣜࢻ᥈⣴࠿ࡽࡢຠ⋡ⓗ࡞ྜᡂᒎ㛤࡟ࡘ࠸࡚ㄽࡌ
ࡿࠋ 
 
 
➨୍❶ ᢠ⏕≀㉁ polynactin 㢮᪂つࣇࢵ⣲໬࢔ࢼࣟࢢࡢྜᡂ◊✲ 
 
 ࣏ࣜࢼࢡࢳࣥࡣ Streptomyces ᒓᨺ⥺⳦ࡢᇵ㣴ᾮ࠿ࡽ༢㞳ࡉࢀࡓ࣐ࢡࣟࣛ࢖ࢻᆺᢠ⏕≀㉁ࡢ⥲⛠࡛࠶
ࡾࠊ⌧ᅾࡲ࡛࡟ഃ㙐ࡢ⤌ྜࡏࡢ␗࡞ࡿ㢮⦕య 9 ✀ࡢሗ࿌ࡀ࠶ࡿ (Figure 1㸧ࠋ࣏ࣜࢼࢡࢳࣥࡢࡶࡘࢢࣛ
࣒㝧ᛶ⳦ᩘ✀࡟ᑐࡍࡿᢠ⳦άᛶࡣࠊnonactin (1a)࡜ẚ㍑ࡍࡿ࡜ homononactic acid (2b)ࡢᵓᡂᩘࠊࡍ࡞ࢃ
ࡕഃ㙐ࡢ Et ᇶࡢᩘࡀቑ࠼ࡿ⛬ቑ኱ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋ 
ᡃࠎࡣ᪂つ࢔ࢼࣟࢢయࡢࢹࢨ࢖ࣥ࡜ࡋ࡚ࠊഃ㙐࡬ࡢ CF3 ᇶᑟධࢆ᳨ウࡋࡓࠋCF3 ᇶࡢᑟධࡣࠊᙉຊ
࡞㟁Ꮚồᘬຠᯝ࡟ࡼࡿࣇࢵ⣲ཎᏊୖࡢศᴟ⋡ࡢపୗ࡟కࡗࡓศᏊ㛫┦஫స⏝ࡢపୗࠊࡍ࡞ࢃࡕ␯Ỉᛶ
ࡢྥୖࢆࡶࡓࡽࡍࠋࡉࡽ࡟ CF3 ᇶࡣ i-Pr ᇶ௨ୖࡢᔞ㧗ࡉࢆ᭷ࡋ࡚࠸ࡿࡇ࡜࠿ࡽࠊpolynactin ࡢഃ㙐࡟
CF3 ᇶࢆᑟධࡍࡿࡇ࡜ࡣࠊᵓ㐀άᛶ┦㛵ࠊᶵ⬟ྥୖࡢほⅬ࠿ࡽ⯆࿡῝࠸⤖ᯝࢆࡶࡓࡽࡍ࡜ண᝿ࡉࢀࠊ
ഃ㙐 CF3 ᇶࡢࣔࣀ࣐࣮࡛࠶ࡿZ-trifluorononactic acid (2d)ࠊࡑࡋ࡚ macrotetrolide β (1k)ࡢྜᡂࢆ┠ⓗ࡟◊
✲ࢆ⾜ࡗࡓࠋ 
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Figure 1. Polynactin analogs and properties of fluorine atom and CF3 group. 
 
 ࢔ࣝࢹࣄࢻ 3 ࡟ᑐࡋ Wittig ཯ᛂ࡟ࡼࡿቑⅣ཯ᛂᚋࠊLuche 㑏ඖ࡟ࡼࡾ 5 ࢆᚓࡓ(Scheme 1㸧ࠋ࢔ࣜࣝ
࢔ࣝࢥ࣮ࣝ 5 ࡟ᑐࡋ cis-㑅ᢥⓗ࣮ࣚࢻ࢚࣮ࢸࣝ໬ࢆ⾜࠺ࡇ࡜࡛ 6ࠊࣛࢪ࢝ࣝ㑏ඖ࡛ I ᇶࢆ㝖ཤࡋ 7 ࡬
࡜ᑟ࠸ࡓࠋ࢔ࣝࢥ࣮ࣝ 7 ࡟ᑐࡋ Dess-Martin periodinane ࢆ⏝࠸࡚࢔ࣝࢹࣄࢻ 8 ࡬࡜ኚ᥮ᚋࠊCF3TMS
࡜ TBAF ࡟ࡼࡾⓎ⏕ࡉࡏࡓ CF3 ࢔ࢽ࢜ࣥࢆồ᰾ᨷᧁࡉࡏࡿࡇ࡜࡛ࠊZ-trifluorononactic acid ࡢ Bn ࢚ࢫ
ࢸࣝయ 9 ࢆᚓࡿࡇ࡜࡟ᡂຌࡋࡓࠋ 
 
Scheme 1. CF3 introduction by CF3TMS. 
 
 ᚓࡽࢀࡓ 9 ࢆ(S)-(+)-O-acetylmandelic acid ࡜ࡢ࢚ࢫࢸࣝ࡟ᑟࡁගᏛศ๭ࢆ⾜࠸ࠊ10 ཬࡧ 11 ࢆྜᡂࡋ
ࡓ (Scheme 2㸧ࠋࡇࡇ࡛ 11 ࡀ⤖ᬗ໬ࡋࡓࡓࡵࠊࡇࡢ X ⥺⤖ᬗᵓ㐀ゎᯒ࡟ࡼࡗ࡚⤯ᑐ❧య㓄⨨ࠊཬࡧࡇ
ࢀࡲ࡛ࡢ໬ྜ≀ࡢ┦ᑐ❧య㓄⨨ࢆỴᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ10ࠊ11 ࢆࡑࢀࡒࢀሷᇶᛶ᮲௳ୗຍỈศゎࡍ
ࡿࡇ࡜࡛ࠊZ-trifluorononactic acid ࡢ୧㙾ീయ(+)-2dࠊཬࡧ(-)-2d ࢆᚓࡿࡇ࡜࡟ᡂຌࡋࡓࠋ 
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Scheme 2. Optical resolution and determination of absolute configuration. 
 
 
➨஧❶ ྍ⁐ᛶ࢚࣏࢟ࢩࢻຍỈศゎ㓝⣲ (Soluble epoxide hydrolase: sEH)㜼ᐖ๣ࡢ๰⸆◊
✲ 
 
 Epoxyeicosatrienoic acids (EETs)ࡣ࢔ࣛ࢟
ࢻࣥ㓟࢝ࢫࢣ࣮ࢻ࡟࠾ࡅࡿ௦ㅰ⏘≀࡛࠶ࡾࠊ
࢚࣏࢟ࢩ⎔ࡢᑟධ఩⨨࡟ࡼࡾ 4 ✀ࡢᵓ㐀␗
ᛶయࡀᏑᅾࡍࡿ(Figure 2)ࠋEETs࡟ࡣNF-NB
㜼ᐖస⏝ࠊ BK ࢳࣕࢿࣝࠊ peroxisome 
proliferator-activated receptor (PPAR) DཬࡧJ
ࡢάᛶ໬స⏝࡜ࠊࡑࢀࡽ࡟ᇶ࡙ࡃ㝆ᅽస⏝ࠊ   Figure 2. Structures of EETs regioisomers. 
ᚠ⎔ჾ⣔ಖㆤస⏝࡞࡝ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ 
ࡋ࠿ࡋ࡞ࡀࡽࠊ࢚࣏࢟ࢩ⎔ࢆ᭷ࡍࡿ EETs ࡣ୺࡟ soluble epoxide hydrolase (sEH)࡟ࡼࡾᐜ᫆࡟ຍỈศ
ゎࢆཷࡅ௦ㅰࡉࢀ࡚ࡋࡲ࠺ࡓࡵࠊ⏕యෆ࡛ࡣ EETs ࡢ᭷┈࡞⸆⌮స⏝ࡣ༑ศ࡟Ⓨ᥹ࡉࢀ࡚࠸࡞࠸࡜⪃
࠼ࡽࢀ࡚࠸ࡿࠋࡑࡇ࡛ EETs ࡢ⏕యෆࣞ࣋ࣝࢆ㧗ࡃ⥔ᣢࡋࠊࡑࡢ⸆⌮స⏝ࢆⓎ᥹ࡉࡏࡿࡓࡵࡢ sEH 㜼
ᐖ๣ࡢ๰⸆◊✲ࡀ㏆ᖺ⢭ຊⓗ࡟⾜ࢃࢀ࡚ࡁࡓࠋ 
 ኱᪥ᮏఫ཭〇⸆ࡢ⏣୰ࡽࡀሗ࿌ࡋࡓ 12 ࡟ࡣࠊỈ⁐ゎᗘࡀప࠸ࠊࡲࡓ௦ㅰ㓝⣲࡛࠶ࡿࢳࢺࢡ࣮࣒ࣟ
P450 (CYP)࡟ᑐࡍࡿ㜼ᐖస⏝ࢆ᭷ࡋ࡚࠸ࡿ࡜࠸࠺ㄢ㢟ࡀ࠶ࡗࡓࠋⴭ⪅ࡣ᭦࡞ࡿ᭱㐺໬ࢆ┠ᣦࡋࠊsEH
㜼ᐖάᛶࡣ 12 ࡜ẚ㍑ࡋ࡚ῶᙅࡋ࡚࠸ࡿࡶࡢࡢࠊࡼࡾᗈ࠸໬ྜ≀✵㛫 (chemical space)ࡢ☜ಖࡀᮇᚅ࡛
ࡁࡿ໬ྜ≀ 13 ࡟╔┠ࡋࠊ≀ᛶᨵၿ࡟ྥࡅࠊኳ↛ࣜ࢞ࣥࢻ࡛࠶ࡿ EETs ࡢᵓ㐀ࢆཧ⪃࡟ࠊCO2H ᇶࢆᑟ
ධࡍࡿࡇ࡜࡜ࡋࡓࠋ 
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Figure 3. Summary of my drug discovery strategy. 
 
ྜᡂࡋࡓㄏᑟయࡢᵓ㐀άᛶ┦㛵ࢆ Table 1 ࡟♧ࡍࠋ࢜࢟ࢧࢪ࢔ࢰ࣮ࣝ⎔࠿ࡽᵓ㐀ࢆ༢⣧໬ࡋࡓ 13 ࡢ
4 ఩࡟ CO2H ᇶࢆᑟධࡋࡓ࡜ࡇࢁࠊsEH 㜼ᐖάᛶࡣῶᙅࡋࡓࡶࡢࡢࠊỈ⁐ゎᗘࡀ኱ࡁࡃᨵၿࡉࢀࡓ(16, 
17)ࠋࡉࡽ࡟ 2 ఩࡟ Cl ᇶࢆᑟධࡍࡿࡇ࡜࡛㜼ᐖάᛶࢆྥୖࡉࡏࡿࡇ࡜ࡀ࡛ࡁࡓ(18)ࠋ 
 
Table 1. The effect of introduction of carboxy group. 
 
Compounda X Y Z h-sEH IC50 (nM)
b r-sEH IC50 (nM)
b Solubility (mg/mL)c CYP inhibition 
12 - - - 6.1 8.5 0.041 MBId: 2C8, 2C19 
13 - - - 18.0 18.3 N.T.e N.T.e 
14 CO2H H H > 100 > 100 N.T.
e N.T.e 
15 H CO2H H > 100 > 100 > 0.15 N.T.
e 
16 H H CO2H 30.3 32.2 > 0.15 N.T.e 
17 H H CH2CO2H 43.2 56.6 > 0.15 N.T.e 
18 Cl H CH2CO2H 4.3 6.6 > 0.15 
2C8, 2C19(IC50): 
> 50 ȣM 
a All compounds are racemates. b Values are an average of two experiments. c Solubility was evaluated at pH 7.4. d 
MBI: Mechanism based inhibition. e N.T. = not tested. 
 
 ㄏᑟయ 18 ࢆࣛࢵࢺ DOCA-salt ࣔࢹࣝ࡟ 100 mg/kg 㐃⥆⤒ཱྀᢞ୚ࡋࡓ࡜ࡇࢁࠊ᫂☜࡞㝆ᅽస⏝ࡣぢࡽ
ࢀ࡞࠿ࡗࡓࡶࡢࡢࠊ⭈㞀ᐖࡢᣦᶆࡢ୍✀࡛࠶ࡿᒀ୰ MCP-1ࠊཬࡧ࢔ࣝࣈ࣑ࣥࡢ᤼ἥ㔞ࡀῶᙅࡋ࡚࠸ࡓࠋ
୍⯡ⓗ࡟⸆≀ࡢ⭈യᐖ࡟ᑐࡍࡿಖㆤస⏝ࡣ㝆ᅽຠᯝ࡟కࡗ࡚Ⓨ⌧ࡍࡿࡓࡵࠊ௒ᅇࡢ⤖ᯝࡣ 18 ࡀ㝆ᅽ
స⏝࡟౫ࡽ࡞࠸⭈ಖㆤస⏝ࢆ᭷ࡍࡿࠊ≉ᚩⓗ࡞໬ྜ≀࡛࠶ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ 
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A                                  B                              C 
   
Figure 4. Administration of compound 18 to DOCA-salt rats. (A) Measurement of SBP for 28 days. (B) 
Urinary MCP-1 on the last day of dosing. (C) Urinary albumin on the last day of dosing. Significantly different 
from vehicle unpaired two-tailed t-test: * p < 0.05, ** p < 0.01. 
 
 ࡇࡇࡲ࡛ࡢ໬ྜ≀ྜᡂἲࢆ Scheme 3 ࡟♧ࡍࠋTrans ࡢ❧య㓄⨨ࢆ᭷ࡍࡿࢩࢡࣟࣉࣟࣆࣝ࢖ࢯࢩ࢔ࢼ
ࢺ࡜ࣇ࢙ࣀ࢟ࢩࣆ࣌ࣜࢪࣥࢆ཯ᛂࡉࡏࡿࡇ࡜࡛࢘ࣞ࢔ࢆᙧᡂࡋࠊ⥆࠸࡚࢚ࢫࢸࣝ㒊ศࢆ㏻ᖖࡢሷᇶᛶ
᮲௳ୗຍỈศゎࡍࡿࡇ࡜࡛ᮃࡴ໬ྜ≀⩌ࢆྜᡂࡋࡓࠋ 
 
Scheme 3. Synthesis of compounds 14-18. 
 
 㒊ศᵓ㐀࡟ࣇ࢙ࢽࣝࣉࣟࣃࣥ㓟ࢆ᭷ࡍࡿ 24 ࡟࠾࠸࡚ࠊࣄࢺ sEH ࡜ࡢඹ⤖ᬗࢆᚓࡿࡇ࡜ࡀ࡛ࡁࠊࡑ
ࡢ㹖⥺⤖ᬗᵓ㐀ゎᯒ࠿ࡽࢩࢡࣟࣉࣟࣃࣥ⎔ୖ࡬ࡢ⨨᥮ᇶᑟධࡀ᭷ຠ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ 
 ࢩࢡࣟࣉࣟࣃࣥ⎔㒊ศࡢ⨨᥮ᇶຠᯝ࡟࠾ࡅࡿ SAR ᝟ሗࢆ Table 2 ࡟♧ࡍࠋ࢘ࣞ࢔㒊఩ࡢ❅⣲ཎᏊ࡜
transࠊࣇ࢙ࢽࣝᇶ࡜ cis ࡢ❧య㓄⨨࡟࡞ࡿࡼ࠺࡟ Me ᇶࢆᑟධࡋࡓ໬ྜ≀ 25 ࡣάᛶࡀྥୖࡋࡓࡀࠊྠ
ࡌࡃ cisࠊtrans ࡢ 26 ࡛ࡣ኱ࡁࡃῶᙅࡍࡿ⤖ᯝ࡜࡞ࡗࡓࠋࡲࡓ໬ྜ≀ 25 ࡢ Me ᇶࡢ௦ࢃࡾ࡟ Ph ᇶ(27)ࠊ
F-Ph ᇶ(28)ࢆᑟධࡋࡓ࡜ࡇࢁࠊάᛶࡣ኱ࡁࡃྥୖࡋࡓࠋ 
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Table 2. SAR study of substituent effects on cyclopropane ring. 
 
Compounda Structure h-sEH IC50 (nM)b 
r-sEH IC50 
(nM)b 
24 
 
19.1 55.6 
25 
 
12.0 11.7 
26 
 
75.7 > 100 
27 
 
2.3 3.9 
28 
 
2.1 3.2 
a All compounds are racemates. b Values are given as average of two experiments. 
 
 ໬ྜ≀ 27 ࡜ sEH ࡜ࡢඹ⤖ᬗ࡟࠾ࡅࡿ X ⥺⤖ᬗᵓ㐀ゎᯒࡢᅗࢆ Figure 5 ࡟♧ࡍࠋ஧⨨᥮ࢩࢡࣟࣉࣟ
ࣃࣥయ 24 ࡛ࡣ✵㝽࡜࡞ࡗ࡚࠸ࡓ C ࣃ࣮ࢺ࡟ࠊ27 ࡢ Ph ᇶࡀ≺࠸㏻ࡾ㓄⨨ࡉࢀ࡚࠸ࡓࠋࡑࡢ௚ࡢ⤖ྜᵝ
ᘧ࡟ࡘ࠸࡚ࡣࠊ27 ࡣ 24 ࡜ྠࡌ࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 
Figure 5. Binding of compounds 24 (yellow) and 27(blue) to human sEH hydrolase catalytic domain. 
 
 ⨨᥮ࢩࢡࣟࣉࣟࣃࣥయࡢྜᡂ᪉ἲࢆ Schemes 4-5 ࡟♧ࡍࠋCis-ࡲࡓࡣ trans-styreneࠊཬࡧ⨨᥮
trans-stilbene ࢆฟⓎཎᩱ࡜ࡋࠊethyl diaoacetate ࢆ ClCuP(Oi-Pr)3 Ꮡᅾୗ࢝ࢵࣉࣜࣥࢢࡉࡏࡿࡇ࡜࡛ᮃࡴ
୕⨨᥮ࢩࢡࣟࣉࣟࣃࣥ㒊఩ࢆ᭷ࡍࡿ໬ྜ≀ࢆྜᡂࡋࡓࠋᮏ໬ྜ≀ࡢ࢚ࢫࢸࣝຍỈศゎࡣ❧య㞀ᐖࡢࡓ
ࡵ࠿㏻ᖖࡢ᮲௳࡛ࡣ㐍⾜ࡏࡎࠊTMSOKࠊTHFࠊ50°C ᮲௳࡛ࡢࡳ࢝ࣝ࣎ࣥ㓟(31a-31d)࡬࡜ᑟࡃࡇ࡜ࡀ
࡛ࡁࡓ(Scheme 4)ࠋᚓࡽࢀࡓࢩࢡࣟࣉࣟࣃࣥ࢝ࣝ࣎ࣥ㓟ࢆ DPPAࠊTEA Ꮡᅾୗ Curtius ㌿⛣཯ᛂࢆ⾜࠸
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࢖ࢯࢩ࢔ࢼࢺ࡬࡜ኚ᥮ࡋࡓᚋࠊࣇ࢙ࣀ࢟ࢩࣆ࣌ࣜࢪࣥ 32 ࢆ཯ᛂࡉࡏࡓࠋ᭱ᚋ࡟ࠊ࢚ࢫࢸࣝ㒊ศࢆሷ
ᇶᛶ᮲௳ୗຍỈศゎࡍࡿࡇ࡜࡛ࠊᮃࡴ໬ྜ≀⩌(25-28)ࢆᚓࡓ(Scheme 5)ࠋ 
 
Scheme 4. Synthesis of three-substituted cyclopropanes. 
 
 
Scheme 5. Synthesis of compound 25-28. 
 
 
➨୕❶ 㑅ᢥⓗ࣒ࢫ࢝ࣜࣥᛶ࢔ࢭࢳࣝࢥࣜࣥ M1/ M4 ཷᐜయసື⸆ࡢ๰⸆◊✲ 
 
 Muscarine ࡣẘ࢟ࣀࢥࡢ୍✀࡛࠶ࡿ Amanita muscaria (࿴ྡ㸸࣋ࢽ
ࢸࣥࢢࢲࢣ)࡟ྵࡲࢀࡿ⏕≀άᛶ≀㉁࡛࠶ࡾࠊ࣒ࢫ࢝ࣜࣥᛶ࢔ࢭࢳࣝ
ࢥࣜࣥཷᐜయ(mAChRs)ࢆάᛶ໬ࡉࡏࡿࡇ࡜࡛๪஺ឤ⚄⤒ࢆ่⃭ࡍ
ࡿࠋmAChRs ࡟ࡣ M1 ࠿ࡽ M5 ࡲ࡛ࡢࢧࣈࢱ࢖ࣉࡢᏑᅾࡀ▱ࡽࢀ࡚࠾
ࡾࠊ≉࡟୺࡜ࡋ࡚⬻࡟Ⓨ⌧ࡋ࡚࠸ࡿ M1 ཬࡧ M4 ཷᐜయࡢάᛶ໬ࡣࠊ 
⤫ྜኻㄪ⑕ࡸ࢔ࣝࢶࣁ࢖࣐࣮⑓ࡢᨵၿ࡟⧅ࡀࡿࡇ࡜ࡀᮇᚅ࡛ࡁࡿࠋFigure 6. The structure of muscarine. 
 ୍᪉ࠊ୺࡜ࡋ࡚ᮎᲈ⤌⧊࡟Ⓨ⌧ࡋ࡚࠸ࡿ M2 ཬࡧ M3 ཷᐜయࡣ⸆ 
ຠⓎ⌧࡬ࡢᐤ୚ࡀᑡ࡞ࡃࠊࡲࡓ๪஺ឤ⚄⤒่⃭࡟ࡼࡿ๪స⏝ࡢᠱᛕࡀ࠶ࡿࡓࡵࠊ㑅ᢥⓗ࡞ M1/M4 సື
⸆ࡀồࡵࡽࢀ࡚࠸ࡿࠋࡇࢀࡲ࡛࡟✀ࠎࡢ M1 ཬࡧ M4 ࡢࣜ࢞ࣥࢻࡀሗ࿌ࡉࢀ࡚࠸ࡿࡀࠊmAChRs ࡢ㧗࠸
㓄ิ┦ྠᛶࡢࡓࡵ M1 ࡜ M4 ࡢ୧ཷᐜయࢆ㑅ᢥⓗ࡟άᛶ໬ࡍࡿ໬ྜ≀ࡢሗ࿌ࡣ࡯࡜ࢇ࡝࡞࠸ࠋࡑࡇ࡛⚾
ࡣ HTS ࡟ࡼࡿྵ」⣲⎔࣮ࣜࢻ໬ྜ≀᥈⣴࡜᪤▱᝟ሗ࡜ࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡛ࠊຠ⋡ⓗ࡞໬ྜ≀๰ฟࢆ
┠ᣦࡍࡇ࡜࡜ࡋࡓࠋ 
 HTS ࣄࢵࢺ໬ྜ≀࡛࠶ࡿ࣋ࣥࢰ࢟ࢧࢪࣀࣥㄏᑟయ 33 ࡟ᑐࡋࠊ᪤▱᝟ሗ࠿ࡽ᥎ᐃࡋࡓ M4 సືᛶࣇ࢓
࣐ࣝࢥࣇ࢛࢔ࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡛ࠊ34 ࢆぢฟࡋࡓࠋㄏᑟయ 34 ࡣᙉ࠸ M1/M4 ཷᐜయసືᛶࢆ♧ࡍ୍
᪉ M2 సືᛶࡣᙅࡃࠊ࣮ࣜࢻ໬ྜ≀࡜ࡋ࡚༑ศ࡞ᛶ㉁ࢆ᭷ࡋ࡚࠸ࡓࠋ⥆࠸࡚」⣲⎔㒊ศࡢ᭱㐺໬ࢆᐇ
᪋ࡋࡓ࡜ࡇࢁࠊ㑅ᢥⓗ M1/M4 సື⸆ࠊ8-࢔ࢨ࣋ࣥࢬ࢜࢟ࢧࢪࣀࣥㄏᑟయ 35 ࢆᚓࡓࠋ 
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Figure 7. Scaffold morphing strategy. 
 
35ࡢ SAR᝟ሗࢆୗグ࡟♧ࡍ(Figure 8)ࠋࡍ࡞ࢃࡕࠊ1) 1఩❅⣲ཎᏊୖࡢ⨨᥮ᇶࡣ M2సືᛶ࡜ࡢ஋㞳ࠊ
2) 1-࢚ࢺ࢟ࢩ࢝ࣝ࣎ࢽࣝࣅ࣌ࣜࢪࣥ㒊ศࡣ M4సືᛶࡢⓎ᥹ࠊ3) 㓟⣲ཎᏊࡢⅣ⣲ཎᏊ࡬ࡢ⨨᥮ࡣ hERG 
(human ether-a-go-go related gene)㜼ᐖࡢᨵၿࠊ4) ࣋ࣥࢮࣥ⎔ࡢࣆࣜࢪࣥ⎔࡬ࡢኚ᥮ࡣ M3 సືᛶ࡜ࡢ஋
㞳࡟㔜せ࡛࠶ࡗࡓࠋ 
 
Figure 8. SAR information of compound 35. 
 
 ࡋ࠿ࡋ࡞ࡀࡽࠊᚓࡽࢀࡓ 35 ࡣࣛࢵࢺ࡟࠾ࡅࡿయෆືែࡀᝏ࠿ࡗࡓࠋࡇࢀࡣ 1 ఩ Et ᇶࡀ⣲᪩ࡃ⬺㞳
ࡋ࡚ࡋࡲ࠺ࡓࡵ࡛࠶ࡿ࡜⪃࠼ࠊ᪂ࡓ࡞⦰⎔ᵓ㐀ࡢ᥈⣴ࢆᐇ᪋ࡋࡓࠋࡑࡢ⤖ᯝࠊ1 ఩ࡢ❅⣲ཎᏊୖ࡟Ᏻ
ᐃ࡞⨨᥮ᇶࢆಖᣢ㸦㓄⨨㸧ࡋࠊ࠿ࡘ-CONRR ᵓ㐀ࡢ⥔ᣢࢆ⪃៖ࡋࡓ N-࢝ࣝࣂࣔ࢖ࣝ-7-࢔ࢨ࢖ࣥࢻࣜࣥ
ᵓ㐀ࢆ᭷ࡍࡿ໬ྜ≀ 36 ࡀඃࢀࡓ M1/M4 ཷᐜయ㑅ᢥᛶࢆ♧ࡋࠊࡲࡓ hERG 㜼ᐖࡢ IC50 ್ࡀῶᙅࡋ࡚࠸
ࡓࠋࡉࡽ࡟≺࠸㏻ࡾࠊࣛࢵࢺ࡟࠾ࡅࡿ⸆≀ືែࡶᨵၿࡉࢀࡓࠋ 
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Compound 
mAChR agonistic activitya hERG 
inhibition 
(IC50: μM) 
Bioavailabilityb 
(%) 
Clearanceb 
(mL/min/kg) M1 
at 0.3μM 
M2 
at 0.3μM 
M3 
at 0.3μM 
M4 
at 0.3μM 
M5 
at 10μM 
36 76% 10% 2% 118% 11% > 10 51.1 28.4 
a Maximum activity for each receptor subtype was defined as 100% in the calcium mobilization assay. b Test 
compound was dosed intravenously at 0.25 mg/kg and orally at 2.5 mg/kg in rats.  
Figure 9. Scaffold hopping and discovery of compound 36. 
 
 ࣮ࣜࢻ໬ྜ≀ 35ࠊཬࡧ 36 ࡢྜᡂ᪉ἲࢆ Schemes 6-7 ࡟♧ࡍࠋࢪࣄࢻࣟ࢟ࣀࣟࣥ㦵᱁ࡣ᪤▱ࡢ᪉ἲ
࡟ࡼࡾᵓ⠏ࡋࠊ㑏ඖⓗ࢔࣑ࣀ໬ཬࡧ 1 ఩࡬ࡢ⨨᥮ᇶᑟධ࡟ࡼࡾ 35 ࢆᚓࡓࠋ7-࢔ࢨ࢖ࣥࢻࣜࣥ㦵᱁ࡣࣆ
ࣜࢪ࣓ࣥࢱࣀ࣮ࣝㄏᑟయ 43 ࢆฟⓎཎᩱ࡜ࡋࠊCN ࢩ࢔ࣀᇶࡢᑟධ࡟⥆ࡃࣆ࣌ࣜࢪࣥ⎔ࡢᵓ⠏ᚋࠊ
LiAlH(O-tBu)3 ࡟ࡼࡾ CN ᇶࡢ㑏ඖ࡜⎔໬ࢆྠ᫬࡟⾜࠸ᵓ⠏ࡋࡓࠋࡑࡢᚋ 1 ఩࡟ࢪ࣓ࢳࣝ࢝ࣝࣂࣔ࢖ࣝ
ᇶࢆᑟධࡋࠊBn ᇶࡢ⬺ಖㆤࡢᚋࠊ㑏ඖⓗ࢔࣑ࣀ໬࡛ 1-࢚ࢺ࢟ࢩ࢝ࣝ࣎ࢽࣝࣅ࣌ࣜࢪࣥ㒊఩ࢆᑟධࡍࡿ
ࡇ࡜࡛ 36 ࡬࡜ᑟ࠸ࡓࠋ 
 
Scheme 6. Synthesis of compound 35. 
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Scheme 7. Synthesis of compound 36. 
 
 
⥲ᣓ 
 
 ௨ୖࠊⴭ⪅ࡣ᪂つ⏕⌮άᛶ≀㉁ࡢ๰ฟ࡟ྥࡅࠊኳ↛≀ᵓ㐀ࡢ฼⏝ࠊࡲࡓ HTS ࢆ฼⏝ࡋࡓᡭἲࢆᐇ᪋
ࡍࡿ୰࡛ࠊ」⣲⎔ᵓ㐀ࢆ᭷ࡍࡿ໬ྜ≀ࡢྜᡂཬࡧᵓ㐀άᛶ┦㛵࡟࠾ࡅࡿ◊✲ࢆᐇ᪋ࡋࡓࠋ 
 ➨୍❶࡛ࡣࠊኳ↛᭷ᶵ໬ྜ≀࡛࠶ࡿ࣐ࢡࣟࣛ࢖ࢻᆺᢠ⏕≀㉁࣏ࣜࢼࢡࢳࣥ㢮࡬ࡢࠊ᪂ࡓ࡞⏕⌮άᛶ
௜୚ࢆ┠ᣦࡋࡓ᪂つࣇࢵ⣲໬࢔ࢼࣟࢢྜᡂࢆᐇ᪋ࡋࡓࠋⴭ⪅ࡣ࣮ࣚࢻ࢚࣮ࢸࣝ໬ᚋ࡟ CF3TMS ࢆ⏝࠸
ࡓ CF3 ᇶᑟධࢆ⾜࠸ࠊࡉࡽ࡟ගᏛศ๭࡜ X ⥺⤖ᬗᵓ㐀ゎᯒࢆ฼⏝ࡋࡓ┦ᑐࠊཬࡧ⤯ᑐ❧య㓄⨨Ỵᐃࢆ
⾜࠺ࡇ࡜࡛ࠊmacrotetrolide E(1k)ࡢࣔࣀ࣐࣮࡛࠶ࡿZ-trifluorononactic acid ࡢ୧㙾ീయࠊ(+)-2dࠊཬࡧ(-)-2d
ࡢྜᡂࢆ㐩ᡂࡋࡓࠋ 
 ➨஧❶࡛ࡣࠊኳ↛᭷ᶵ໬ྜ≀࡛࠶ࡿ EETs ࡟ࡘ࠸࡚ࠊCO2H ᇶࢆᑟධࡍࡿࡇ࡜࡛⁐ゎᗘࡀྥୖࠊࡉࡽ
࡟ CYP 㜼ᐖࡀῶᙅࡉࢀࡓ sEH 㜼ᐖ๣ࠊࢩࢡࣟࣉࣟࣆࣝ࢘ࣞ࢔ㄏᑟయ 18 ࢆぢฟࡋࡓࠋࡉࡽ࡟ࠊsEH ࡜
ࡢඹ⤖ᬗࡢ X ⥺⤖ᬗᵓ㐀ゎᯒ࠿ࡽࠊࢩࢡࣟࣉࣟࣃࣥ⎔ୖ࡟㐺ษ࡞❧య㓄⨨࡛⨨᥮ᇶࢆᑟධࡍࡿࡇ࡜࡟
ࡼࡾࠊࡼࡾᙉຊ࡞㜼ᐖ๣ 27 ࡢ๰ฟ࡟ᡂຌࡋࡓࠋᮏᡭἲࡣ௚ࡢ㒊఩ࡢ sEH ࡜ࡢ⤖ྜᵝᘧࢆኚ໬ࡉࡏࡿ
ࡇ࡜࡞ࡃࠊຠᯝⓗ࡟ sEH 㜼ᐖάᛶࢆྥୖࡉࡏࡿタィᡓ␎࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ 
 ➨୕❶࡛ࡣࠊHTS ࡟ࡼࡾ」⣲⎔ࢆྵࡴࣄࢵࢺ໬ྜ≀ࢆぢฟࡋࠊ᪤▱᝟ሗ࡜⤌ࡳྜࢃࡏࡿࡇ࡜࡛ࠊ㑅
ᢥⓗ࣒ࢫ࢝ࣜࣥᛶ࢔ࢭࢳࣝࢥࣜࣥ M1/M4 ཷᐜయసື⸆ 35 ࢆ๰ฟࡋࡓࠋࡑࡋ࡚ࡉࡽ࡞ࡿྜᡂᒎ㛤࡟ࡼ
ࡾࠊᶆⓗ࡬㧗㑅ᢥⓗࠊ࠿ࡘ⸆≀ືែࠊᏳ඲ᛶࡢ㠃࡛ඃࢀࡓ 36 ࡬ࡢᒎ㛤࡟ᡂຌࡋࡓࠋ 
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